Abstract. The fast growing use of composite in many applications has been focused on sustainable and renewable reinforced composites. Natural fibres were introduced and increasingly used due to their availability and environmental issues. Kenaf is the most common natural fiber used as reinforcement in polymer matrix composites (PMC). Therefore, this study analyzes the bending fatigue for kenaf fiber hollow shaft composite. The wet filament winding technique was used to prepare the composite specimens for the bending fatigue test. Different orientation angles (45° and 90°) and reinforced with aluminum were studied.
Introduction
Currently, composite materials are used in huge volume in various engineering structures including spacecraft, airplanes, automobiles, boats, sports' equipment, bridges and buildings. The wide use of composite materials in industry is due to outstanding characteristics such as strength, stiffness-to-density ratios and superior physical properties. Well-known man-made composite materials used in aerospace and other industries are carbon and glass-fibre-reinforced plastic, which consist of carbon and glass fibres (both are stiff and strong but brittle) in a polymer matrix, which is tough but neither particularly stiff nor strong. However, a problem with man-made composite materials is that they do not degrade in the environment.
Over the past few decades, there has been a growing interest in the use of natural fibres in composite applications. Research on natural fibre composites existed since early 1900's but it did not receive much attention until the late 1980's. Composites, primarily glass but including natural reinforced composites, are found in countless consumer products like boats, skis, agricultural machinery and cars. These natural fibres include flax, hemp, jute, sisal, kenaf, coir, kapok, banana and many others. Natural fibre reinforced polymer composites have raised great interests among material scientists and engineers in recent years due to the needs for environmentally friendly material, and partly for replacement of currently used glass for composite reinforcement [1] . In addition, glass fibre can cause acute irritation of the skin, eyes, and upper respiratory tract. Concerns have been raised for long-term development of lung scarring (i.e. pulmonary fibrosis) and cancer. When released, glass fibre does not degrade and results in environmental pollutions and threatens animal life and nature significantly [2] . Additionally, new environmental regulations and uncertainty about petroleum and timber resources have triggered much interest in developing composite materials from natural fibres [3] . Also, optimum utilization of a renewable resource will provide positive image for sustainability of 'green' environment [4] . The various advantages of natural fibres over man-made glass and carbon fibres are low cost, low density, comparable specific tensile properties, non-abrasive to equipment, non-irritation to the skin, reduced energy consumption, less health risk, renewability, recyclability and biodegradability [5] . These composites materials are suitable for applications in aerospace, leisure, construction, sport, packaging and automotive industries [6] . A major goal of natural fibre composites is to alleviate the need to use expensive glass fibre ($3.25/kg), which has a relatively high density (2.5 g/cm³) and is dependent on non-renewable sources [7] . The main advantages to using natural fibres in composites are the cost of materials, their sustainability and density. Natural fibres can cost as little as $0.50/kg and can be grown in just a few months [8] . They are also easy to grow and have the potential to be a cash crop for local farmers. Pickering [9] discovered that natural fibres are also significantly lighter than glass, with a density of 1.15-1.50 g/cm³ versus 2.4 g/cm³ for E-glass.
Kenaf Fibre
Kenaf (Hibiscus cannabinus, L. family Malvacea) has been found to be an important source of fibre for composites, and other industrial applications [10] . As the commercial use of kenaf continues to diversify from its historical role as a cordage crop (rope, twine and sackcloth) to its various new applications including paper products, building materials, absorbents and livestock feed, choices within the decision matrix will continue to increase and involve issues ranging from basic agricultural production methods to marketing of kenaf products [11] . Kenaf is well known as a cellulosic source with both economic and ecological advantages. In three months (after sowing the seeds), it is able to grow under a wide range of weather conditions to a height of more than 3 m with a base diameter of 3-5 cm [12] . This statement is supported by previous studies, which mentions that the growing speed may reach 10 cm/day under optimum ambient conditions [13] . Kenaf was priced at $400 per tonne in 1995 and from $278 to $302 per tonne in 2000. From the viewpoint of energy consumption, it takes 15 MJ of energy to produce 1 kg of kenaf whereas it takes 54 MJ to produce 1 kg of glass fibre.
Hollow Shaft Composites
Hollow shaft has become a preferred choice in recent years due to its design advantages. Hollow shaft offers increased availability and more innovative methods of attaching impellers to the shaft without the use of key-ways. When comparing a solid shaft with a hollow shaft of equal section modulus, both will transmit the torque with equal stress levels but the hollow shaft will be stiffer, or rather will deflect less under the same overhung moment. This translates to longer allowable shaft lengths at a given stress level and less weight at a given shaft length. Less weight means less thrust transmitted to the drive bearings and a longer expected bearing life. Less weight and higher stiffness also helps avoid critical speed, frequently a limiting factor in mixer design.
Cylinders constructed of laminated anisotropic materials are being used as structural components with increasing frequency in the aerospace industry. Because of their high modulus, high strength and low density, a significant weight saving can be realized. Also, by appropriate design of the
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layup configuration, a number of desirable structural as well as thermal characteristics can be obtained. Furthermore, the use of composite cylindrical tubes would permit the use of longer shafts for a specified critical speed than is possible with conventional aluminium alloy or steel shafts study by Kim et al. [14] .
Bending Fatigue
Structural materials, machine components, and materials utilized in many industrial and specialized fields such as aerospace, defense, power generation among others are often subjected to varied stress cycles or dynamic loading conditions during the course of their use. Cyclic loading of machine structures occurs often in mechanical system. It is well known that fatigue strength is smaller than static strength due to degradation of structure during fatigue cycle. However, fatigue behaviors of composite materials are quite different from isotropic materials such as metal and polymers. In composite materials, the micro cracks are initiated at the early stage of loading but composite still withstand the load until the final failure [15] .
Increasing use of composite materials as structural parts has given rise to a need for tests to identify the characteristics of fatigue behavior of composite, especially in comparison with that the metals. Study done by Belingardi et al. [16] revealed the failure of fibre reinforced composites under fatigue loading is more complicated than for metals because of anisotropic characteristics in strength and stiffness. In fact, the heterogeneous and anisotropic nature of fibre reinforced composites leads to the formation of different stress levels within the material so that the fracture process includes various combinations of damage modes such as matrix cracking, fibre breakage, delamination, debonding, and ply failure.
Conclusions
As conclusion, changing the orientation angle may enhance the fatigue life and the 45° angle has the highest fatigue strength compared to 90°. Based on this review, the application of kenaf fiber reinforced composite as an alternative composite material is highly acceptable due to its lightweight and low cost characteristics.
